Control of mitochondrial content of adenine nucleotides by submicromolar calcium concentrations and its relationship to hormonal effects.
Rat liver mitochondria were incubated at 30 degrees C with 4 mM ATP in a medium similar in electrolyte composition to that of hepatic cytosol. Under these conditions, a net increase in mitochondrial adenine nucleotides was observed that was dependent on the concentration of free Ca2+ [( Ca2+]) in the incubation medium. At 0.2 microM [Ca2+] or less, there was no demonstrable uptake of adenine nucleotides; at 0.4 microM [Ca2+], or greater, net uptake occurred. The calcium-dependent accumulation of nucleotides by mitochondria required Mg2+ in the incubation medium and was insensitive to carboxyatractyloside. The uptake of adenine nucleotides was enhanced by the addition of antimycin A or antimycin A together with oligomycin. Accumulation of nucleotides appeared to be associated with a small increase in mean mitochondrial volume, but the membrane potential was not affected. No uptake or loss of NAD-NADH by mitochondria was detected. Ruthenium red failed to inhibit the calcium-dependent uptake of adenine nucleotides by the mitochondria, indicating that stimulation of this process by Ca2+ does not involve transport of the cation into mitochondria by the Ca2+ uniporter. Because glucagon acts to elevate cytosolic [Ca2+] from approximately 0.2 microM to 0.6 microM, the same range affecting nucleotide uptake, it is proposed that the increase in mitochondrial adenine nucleotides that follows treatment with glucagon is mediated by the rise in cytosolic [Ca2+] produced by the hormone. This hypothesis was supported by the observation that epinephrine and A23187, agents that raise cytosolic [Ca2+], increased the content of mitochondrial adenine nucleotides in isolated hepatocytes. Furthermore, cells, incubated under calcium-depleting conditions, had a diminished response to glucagon.